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Circuit for Extracorporeal Blood Circulation 

DESCRIPTION 
Background of the Invention. 

The present invention relates to a circuit for extra- 
5 corporeal blood circulation. In particular, though not 
exclusively, the invention can be advantageously used 
in single-needle dialysis. 

Single-needle dialysis consists in a sequence of brief 
identical operating cycles. Each operating cycle com- 
prises two stages: an arterial stage and a venous 
stage. In the arterial stage blood is taken from the 
patient, through a vascular access, and introduced into 
the extracorporeal circuit. In the venous stage blood, 
which has been previously stored in the extracorporeal 
circuit during the arterial stage, is returned to the 
patient after being purified through the same vascular 
access. In single-needle dialysis blood is taken from 
and returned to the patient through only one access 
element (for instance a needle or a catheter) . 

20 An advantage of single-needle dialysis consists indeed 
in the possibility to use, when necessary, only one 
central access element, thus reducing vascular trauma 
and the risk of thrombotic lesions with respect to the 
use of two-way access elements or of two access ele- 

25 ments coupled together. 

Similarly, single-needle dialysis involves a reduced 
fistula trauma and a subsequent longer duration of said 
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fistula. 

Another advantage is for the patient the introduction 
of only one needle instead of two. 

Generally, the extracorporeal circuit for single-needle 
5 dialysis comprises: a withdrawal line, which conveys 
blood from the vascular access to a dialyzing filter; a 
return line, which conveys blood from the dialyzing 
filter back to the vascular access; and one or more ex- 
pansion chambers, arranged before and/or after the dia- 
10 lyzing filter, where blood is stored during the arte- 
rial stage. The only access element (needle or cathe- 
ter) is connected to the withdrawal and return lines 
through a Y- connection. 

At least one arterial pump operates on the withdrawal 
15 line. In many cases there is also a venous blood pump 
operating on the return line. 

In the course of the following description we shall re- 
fer for reasons of clearness and shortness to extracor- 
poreal blood circuits for single-needle dialysis, 
20 equipped with at least two expansion chambers (an arte- 
rial chamber and a venous chamber) and designed to op- 
erate with two pumps (an arterial pump and a venous 
pump) . 

Line closing . devices (for instance shaped as pliers) 
25 act on the circuit and are arranged close to the ways 
of the Y-connection connected to the withdrawal and re- 
turn lines. Said closing devices are automatically con- 
trolled at the beginning of the arterial stage, so as 
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to open the withdrawal line and close the return line, 
and conversely at the beginning of the venous stage, so 
as to open the return line and close the withdrawal 
line . 

5 The system controlling switching from one stage to an- 
other is usually a pressure/pressure system, in which 
during the arterial stage (or withdrawal stage) the ar- 
terial pump (upstream from the dialyzing filter) fills 
with blood the filter and the expansion chambers, 

10 whereas the venous pump (downstream from the filter) is 
off; when pressure reaches in a given point of the cir- 
cuit a given value, the arterial pump stops and the ve- 
nous pump automatically starts operating (beginning of 
venous stage or return stage) and conveys blood from 

15 the filter to the patient; when pressure in the afore- 
said given point of the circuit sinks beyond a given 
lower limit, the venous pump stops and a new operating 
cycle begins . This switching procedure allows a rela- 
tively high haematic flow with respect to other switch- 

2 0 ing sys terns . 

During the arterial stage a given blood volume (corre- 
sponding to V c = volume of blood treated for each cy- 
cle) is stored in the dialysis filter, in the venous 
expansion chamber and in the arterial expansion cham- 
25 ber. During this arterial stage blood pressure in the 
extracorporeal system rises. In the arterial stage 
blood filling the expansion chambers compresses the air 
contained in said chambers . 



The volume of blood treated for each cycle, V c , is to- 
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gether with the average haematic flow one of the pa- 
rameters indicating the efficiency of a single-needle 
dialysis. Said volume V c is substantially proportional 
to air volumes within the venous and arterial expansion 
5 chambers at the end of the venous stage. In order to 
obtain sufficiently high values related to the volume 
of blood treated for each cycle, for instance of about 
at least 40-60 ml, it is therefore necessary to have 
two expansion chambers having quite a large size. 

10 Said volume V c can therefore be considered as propor- 
tional to blood pressure difference, measured for in- 
stance on the venous line, between the end of the arte- 
rial stage and the end of the venous stage. In other 
words, V c is proportional to p 2 -pi where pi is pressure 

15 in the venous expansion chamber at the end of the ve- 
nous stage, and p 2 is pressure in the venous expansion 
chamber at the end of the arterial stage. Minimum pres- 
sure, pi, is generally higher than zero. 

In order to achieve high values of V c it is therefore 
20 possible, on a theoretical level, to build up a proper 
pressure gap p 2 -pi between the arterial withdrawal 
stage and the venous return stage. However, said pres- 
sure gap P2-P1 is necessarily limited, generally to 
values between 100 and 200 mmHg, because too high a 
25 pressure gap could result in an undesired back- 
filtration, particularly in the case of reduced ul- 
trafiltration or ultrafiltration with highly permeable 
filters. 

Said volume V c is further proportional to the compli- 
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ance of the dialysis filter. It should be observed, 
however, that commonly used. filters have relatively low 
compliance values, above all capillary filters. 

In short, the volume of blood treated pro cycle V c/ and 
5 therefore the efficiency of single-needle dialysis, de- 
pends first on the shape, the size and the efficiency 
of the expansion chambers . 

It should be reminded that it is possible, on a theo- 
retical level, to use only one expansion chamber. Note 

10 that the use of two expansion chambers instead of one 
affects the flow through the dialysis filter; if only 
the venous chamber is present, blood in the dialyzing 
filter stands still in the venous stage and flows in 
the arterial stage, so that flow is intermittent; in 

15 the same way, if only the arterial chamber is present, 
blood flows within the filter intermittently, since it 
stands still in the arterial stage and moves in the ve- 
nous stage; conversely, using two expansion chambers 
flow is almost continuous, although normally variable 

20 switching from one stage to another one. Thanks to the 
continuity of the haematic flow, there are no blood 
staunching stages, thus reducing the danger of blood 
coagulation phenomena. 

The use of two chambers is therefore advisable both in 
25 order to obtain a continuous haematic flow, thus avoid- 
ing blood staunching, and to obtain a high volume of 
blood treated for each cycle, even with low values of 
pressure gap and with low compliance filters. 
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The present invention refers to an extracorporeal cir- 
cuit equipped with at least, two expansion chambers; at 
least an (arterial) chamber is located in a portion of 
the withdrawal line between the arterial blood pump and 
5 the blood treatment unit (dialyzing filter) , and at 
least another (venous) chamber is located in the return 
line. In case of a circuit equipped also with a venous 
blood pump, the venous expansion chamber is located in 
a return line portion between the treatment unit and 
10 the venous pump. 

It is generally preferable to use two expansion cham- 
bers having the same volume, or if different, with the 
venous chamber larger than the arterial chamber. The 
total volume of the two expansion chambers is generally 
15 not below at least 150 ml. 

For a proper use of the expansion chambers, the latter 
should be almost completely empty of blood (about 5-10 
ml of minimum filling pro chamber) at the end of each 
venous stage: as a matter of fact, the higher the air 
2 0 volume at the end of the venous stage, the higher the 
volume of blood treated pro cycle V c . 

The extracorporeal circuit for single-needle dialysis 
as known, carried out according to the pre- 
characterizing portion of claim 1, is normally equipped 
25 with a double pump. The pump operating on the with- 
drawal line (arterial pump) is usually a roll peristal- 
tic rotary pump. The withdrawal line comprises a pump 
portion designed to be coupled with the peristaltic 
pump; said pump portion generally consists of a flexi- 
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ble tube having a diameter, both inner and outer, lar- 
ger than the diameter of conventional conveying tubes, 
which form the other flexible portions of the line that 
are not associated to the pump. 

The pump portion is generally connected to the rest of 
the circuit by means of two fittings made of stiff 
plastic, one for each end of the pump portion, each of 
which comprises a stiff sleeve, with an inner diameter 
variation, having a first opening with a larger diame- 
ter, into which an end of the pump portion is intro-. 
duced and glued, and a second opening opposite the 
first one having a smaller diameter, into which an end 
of a conventional extracorporeal circulation tube is 
introduced and glued. 

Said structure makes the circuit complicated from the 
constructive point of view and increases its manufac- 
turing costs; as a matter of fact, beyond positioning 
two connecting sleeves for a pump portion it is also 
necessary to carry out several operations involving the 
introduction and gluing of the tubes within said fit- 
tings. 

In said known circuit the arterial and venous expansion 
chambers, one arranged after the arterial pump and the 
other one arranged before the venous pump, consist of 
two separate containers made of transparent plastic, 
each of which, generally having an axial symmetric 
shape, is equipped on its bottom with two cylindrical 
connections placed one beside the other, with vertical 
axis, an inlet and an outlet one. Each container is at- 



PN0256-US 01 regular 



-8of37- 



tached in a removable way, with a joint between two 
elastic arms, to a container -rholder, which can also be 
attached in a removable way to an area arranged on one 
side of the dialysis machine. 

5 During the stage of preparation of a single-needle di- 
alysis treatment, the operator should carry out a se- 
ries of manual operations aiming at connecting opera- 
tively the haematic module to the dialysis machine: 
said operations comprise among other things the assem- 

10 bly of the container-holder to the machine, the attach- 
ment with a joint of the expansion chambers to the con- 
tainer-holder, the fluid connection of the withdrawal 
line and of the return line to the treatment unit (dia- 
lyzing filter) , the arrangement of the pump portion of 

15 the return line around the corresponding venous blood 
pump, and so on. Said preparatory operations involve 
relatively long times and a given difficulty for vari- 
ous reasons: firstly due to the fact that the con- 
tainer-holder should be attached to the machine; sec- 

20 ondly, due to the low practicality and functionality of 
said container-holder; thirdly due to the arrangement 
of the circuit portions between the treatment unit and 
the expansion chambers, which makes the manual connec- 
tion of said circuit portions to the expansion chambers 

25 quite difficult; eventually due to the difficulty of 
arranging the venous pump portion around the corre- 
sponding pump. 

Summary of the Invention. 



An aim of the present invention is to provide an extra- 
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corporeal circuit which can obviate the aforesaid limi- 
tations and drawbacks of the prior art. 

Another aim of the present invention is to provide an 
extracorporeal circuit, which can be used in particular 
5 for an extracorporeal single-needle treatment and which 
is constructively simple and cheap. 

A further aim of the invention is to carry out a dis- 
posable haematic module, . equipped with at least two. ex- 
pansion chambers, an arterial chamber and a venous 
10 chamber, and to be attached simply and rapidly to an 
extracorporeal blood treatment machine . 

An advantage of the invention is to make assembling and 
disassembling operations for the expansion chambers on 
the machine easier. 

15 Another advantage of the present invention is to reduce 
the number of arranging and gluing operations for the 
ends of the tubes forming the blood lines into the cor- 
responding tube supports . 

These aims and advantages and others are all achieved 
20 by the present invention as characterized by one or 
more of the claims below. 

According to a feature of the invention, the circuit 
for extracorporeal blood circulation comprises at least 
two expansion chambers, at least one of which is ar- 
25 ranged on the withdrawal line after the arterial blood 
pump, joined into a single integrated structure. 
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Said structure can be easily introduced into and taken 
out of a proper seat arranged on the machine . 

According to a feature of the invention, the expansion 
chambers forming the integrated structure are the two 
5 chambers which in the extracorporeal circuit are closer 
to the blood treatment unit, one on the withdrawal side 
and the other on the return side. 

This allows to make the pathway followed by the flexi- 
ble tubes connecting the expansion chambers with, the 
10 blood treatment unit more rational. 

According to a feature of the invention, the integrated 
structure is equipped outside with an outlet connection 
of the arterial expansion chamber, and an inlet connec- 
tion of the venous chamber, i.e. the two connections 
15 which are fluidly closer to the treatment unit, both 
arranged on the same lateral side of the integrated 
structure, with reference to a practical embodiment. 

This enables to reduce the length and meandering of the 
pathway followed by the tubes linking the treatment 
2 0 unit with the aforesaid connections of the expansion 
chambers. This feature further reduces the risk of 
kinking of said tubes, in other words the occlusion due 
to an excessive folding of the flexible tubes. 

According to a feature of the invention, said inte- 
25 grated structure is equipped inside with at least a 
first duct, which connects an expansion chamber with a 
connection attached outside to the integrated struc- 
ture, said first duct having at least a length of its 
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pathway that goes through , a central portion of the in- 
tegrated structure dividing the two expansion chambers. 

This enables a more rational arrangement, outside the 
integrated structure, of the connectors for the flexi- 
5 ble tubes of the circuit. Furthermore, a part of the 
pathway followed by blood takes place in a stiff duct, 
and not flexible, which has constructive advantages be- 
yond resulting in a higher compactness and an improved 
handling of the haematic module, as well as in an 
10 elimination of the risks of kinking of flexible tubes. 

According to a feature of the invention, the aforesaid 
first duct has at least a length of its pathway going 
through an area of the integrated structure arranged 
above the expansion chamber and not in fluid connection 
15 to said first duct. 

This enables to minimize the overall size of the inte- 
grated structure. 

According to a feature of the invention, said inte- 
grated structure is equipped inside with at least two 
2 0 ducts, which put into fluid connection an expansion 
chamber with two corresponding fluid connections, an 
inlet and an outlet one, attached outside to the inte- 
grated structure. 

This feature joins the advantages of the two features 
2 5 above . 

According to a feature of the invention, at least an 
expansion chamber is provided with at least an inlet 
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opening and an outlet opening, . arranged in a lower por- 
tion of said- chamber, the inlet opening being placed, 
slightly above the outlet opening. 

This enables an efficient filling and washing of the 
5 circuit in the stage preceding the actual treatment 
(rinsing stage) without completely filling up the ex- 
pansion chambers. 

According to a feature of the invention, at least an 
expansion chamber has at least an inlet opening and an 
10 outlet opening, arranged close to an upper end and to a 
lower end, respectively, of an inclined bottom of said 
chamber. 

This feature reduces the time required to carry out the 
preliminary filling and washing stage of the circuit. 

15 According to a feature of the invention, the integrated 
structure has at least a deflecting element, shaped and 
arranged so as to deviate downwards the blood flow en- 
tering a lateral inlet of at least an expansion cham- 
ber. 

2 0 This reduces the risk of an undesired foam formation 
within the expansion chamber. 

According to a feature of the invention, said inte- 
grated structure has at least a pair of pump portion 
connections, which are connected to the two opposite 
25 ends of a pump portion of the return line, the latter 
being designed to be coupled with a rotary pump. 
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This reduces the number of operations involving the ar- 
rangement and gluing of tubes during circuit manufac- 
turing . 

According to a feature of the invention, the aforesaid 
5 pump portion extends on a vertical plane below said in- 
tegrated structure. 

This simplifies the installation of the integrated 
structure and of the pump portion on the machine. 

According to a feature of the invention, said inte- 
10 grated structure is made of stiff material. 

According to a feature of the invention, said inte- 
grated structure is used in an extracorporeal circuit 
for a single-needle dialysis treatment. 

Further characteristics and advantages of the present 
15 invention will be more evident form the following de- 
tailed description of some embodiments of the inven- 
tion, shown as a mere non- limiting example in the ap- 
pended figures. 

Brief Description of the Drawings . 

20 Said description shall be made hereinafter with refer- 
ence to the accompanying drawings, which are provided 
to a purely indicative and therefore non- limiting pur- 
pose, in which: 

- Figure 1 shows a haematic module that can be 
25 operatively associated to an extracorporeal blood 
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treatment machine, carried out according to the 
present invention; 

~ Figure 2 shows an enlarged detail of Figure 1 com- 
prising the monobloc structure integrating two ex- 
5 pansion chambers; 

- Figures 3 and 4 show two parts of the integrated 
structure before assembly; 

- Figure 5 shows a schematic front view of the inte- 
grated structure; 

10 - Figure 6 shows the section VI -VI of figure 5; 

- Figure 7 shows the haematic module of Figure 1 as- 
sociated to a dialysis machine ; 

- Figure 8 shows a second embodiment of the haematic 
module according to the present invention. 

15 Detailed Description. 

The numeral 1 globally refers to a haematic module for 
extracorporeal blood circulation. Said disposable hae- 
matic module is used in cooperation with an extracorpo- 
real blood treatment machine, in particular a dialysis 

2 0 machine. When used coupled to the machine, said hae- 
matic module acts as extracorporeal blood circuit ena- 
bling a single-needle extracorporeal treatment, in par- 
ticular a dialysis treatment. The arrows indicate the 
direction of blood during the circulation within the 

25 extracorporeal circuit. 
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The machine, shown in Figure 7, is designed in particu- 
lar to carry out one or more of the following treat- 
ments : haemodialysis , haemof iltration, haemodiaf iltra- 
tion, pure ultrafiltration and other blood purification 
5 treatments/ such as plasmapheresis and others. 

The extracorporeal circuit comprises a blood withdrawal 
line 2 for taking blood from a patient, and a blood re- 
turn line 4 for returning treated blood to the patient. 

Said withdrawal line 2 has a first inlet end 21, de- 
10 signed to be put into communication with a patient's 
vascular access. The connection to the vascular access 
is carried out, as known, by means of a Y connection 
(not shown, having a first way connected to the with- 
drawal line, a second way connected to the return line, 
15 and a third way connected to a single vascular access 
element (for instance needle or catheter) , introduced 
into the patient's cardiovascular system. 

Said withdrawal line 2 has a second outlet end 22, de- 
signed to be connected to an inlet of a blood treatment 
20 unit, for instance a dialyzing filter F. 

The withdrawal line 2 further comprises on an interme- 
diate portion a bow- shaped pump portion 23 having a 
pre -determined axial length, designed to be coupled 
with a rotary pump, for circulating blood into the cir- 
25 cuit. Said rotary withdrawal pump, also known as arte- 
rial pump, schematically shown in Figure 1 and referred 
to with 6, is for instance a common roll peristaltic 
pump, with line occlusive rolls. 
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Said withdrawal line . 2 also comprises an expansion 
chamber 24 (arterial expansion chamber) arranged on the 
line directly upwards from the pump portion 23. 

The return line 4 has a first inlet end 41, designed to 
5 be connected to an outlet of the aforesaid treatment 
unit F. Both the second outlet end 22 of the withdrawal 
line and the first inlet end 41 of the return line are 
equipped each with a suitable connector for the connec- 
tion to the treatment unit . 

10 Said return line 4 has a second outlet end 42, designed 
to be put into communication with the patient's vascu- 
lar access by means of the Y connection. 

Said return line 4 further comprises on an intermediate 
line portion, a bow- shaped pump portion 43 having a 
15 pre-determined axial length, designed to be coupled 
with a rotary pump, for circulating blood into the cir- 
cuit. Said rotary return pump, also known as venous 
pump, schematically shown in Figure 1 and referred to 
with 7, is for instance a common roll peristaltic pump. 

20 Said return line 4 comprises an expansion chamber 44 
(venous expansion chamber) arranged on the line di- 
rectly downwards from the pump portion 43 . 

The aforesaid arterial and venous expansion chambers, 
24 and 44, which are fluidly separated one from the 
25 other, are integrated into one known box- shaped struc- 
ture 8 with stiff walls. 

The withdrawal line 2 is equipped with a further arte- 
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. rial expansion chamber 25 arranged on the withdrawal 
line between the intermediate pump portion 23 and the 
second outlet end 22. Said expansion chamber 25 is de- 
signed to contain a given blood storage volume. 

5 A further venous expansion chamber 4 5 is arranged on 
the return line 4 upwards from the pump portion 43, so 
as to contain as well a given blood storage volume. 

The expansion chambers 25 and 45 are those which in the 
extracorporeal circuit are fluidly closer to the blood 
10 treatment unit than the other expansion chambers 24 and 
44 . 

The two further arterial and venous expansion chamber, 
25 and 45, which are close to the treatment unit, are 
solidly joined one to the other. The two arterial and 

15 venous expansion chamber, 25 and 45, are stationary 
with respect to one and other. They are integral one to 
another. More in detail, they form an integrated struc- 
ture 9 as one bloc with stiff walls. Said integrated 
structure 9 is made of a stiff and transparent plastic 

20 material . 

The two arterial and venous expansion chambers, 25 and 
45, which are firmed one to another so as to form a 
monobloc, are placed one beside the other on a central 
portion 90 extending mainly in vertical direction with 
25 reference to the practical embodiment of the expansion 
chambers . 

Said central portion 90 between the two chambers 25 and 
45, on which the two chambers are placed one beside the 
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other, is also .a dividing portion which fluidly sepa- 
rates said chambers and prevents a direct fluid commu- 
nication between the expansion chambers 25 and 45. 

Said integrated structure 9 has an arterial inlet con- 
5 nection 91 and an arterial outlet connection 92, in 
fluid connection with the arterial expansion chamber 25 
placed downstream from the arterial pump 6. Further- 
more, the integrated structure 9 has a venous inlet 
connection 93 and a venous outlet connection 94, in 
10 fluid connection with the venous expansion chamber 4 5 
placed upwards from the venous pump 7 . 

The arterial inlet connection 91 is connected to a 
flexible portion of the withdrawal line 2, arranged 
downstream from the arterial pump portion 23. 

15 The arterial outlet connection 92 is connected to a 
flexible portion of the withdrawal line 2 leading to 
the second outlet end 22. 

The venous inlet connection 93 is connected to a flexi- 
ble portion of the return line 4 leading to the first 
2 0 inlet end 41. 

The venous outlet connection 94 is connected to a 
flexible portion of the return line 4 leading to the 
second outlet end 42. On said flexible portion of the 
return line 4 the venous expansion chamber 44 is ar- 
25 ranged downstream from the venous pump portion 43. 

The arterial outlet connection 92 and the venous inlet 
connection 93, both connected to line lengths communi- 
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cating with the treatment unit, are arranged on the 
same side of the integrated structure 9. 

Each connection 91, 92, 93, 94 comprises a stiff tubu- 
lar element into which an end of a corresponding line 
5 length is axially inserted, said line length consisting 
of a flexible tube. Said end is firmly and permanently 
secured in a known way (generally by gluing) to the 
corresponding stiff connection on the integrated struc- 
ture 9. Thanks to the tubular connections and to their 
10 joining system, the axis of each tubular connection de- 
fines an operating connection axis according to which 
the connection with the corresponding end of the blood 
conveying line is carried out. 

The operating connection axes of the arterial outlet 
15 connection 92 and of the venous inlet connection 93 are 
parallel one to the other. 

The arterial inlet connection 91 and the arterial out- 
let connection 92 are arranged one beside the other on 
the same side of the integrated structure 9. Said arte- 
20 rial connections, 91 and 92, are parallel one to the 
other . 

The arterial inlet and outlet connections, 91 and 92 
are far from the corresponding arterial expansion cham- 
ber 25, to which there are in fluid connection, and are 
25 attached to the monobloc integrated structure 9 on one 
side of the venous expansion chamber 45. Said side on 
which the arterial connections 91 and 92 fluidly closer 
to the treatment unit are placed, is a vertical lateral 
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side of the venous expansion chamber 45, placed oppo- 
site the arterial expansion chamber 25. 

The integrate structure 9 is equipped inside with an 
intake duct 95, which puts into fluid connection the 
arterial inlet connection 91 with the arterial - expan- 
sion chamber 25. The intake duct 95 ends on one side 
into the arterial inlet connection 91 and on the other 
side into the arterial expansion chamber 25. 

At least a part of the intake duct 95 passes through at 
least a part of the central portion 90 of the inte- 
grated structure 9, which is the dividing portion be- 
tween the two expansion chambers 25 and 45. 

The intake duct 95 comprises a first length 951 leading 
to the arterial inlet connection 91, placed above the 
underlying venous expansion chamber 45, with reference 
to a practical embodiment of the circuit. 

The intake duct 95 comprises a second length 952 lead- 
ing to the arterial expansion chamber, extending mainly 
in vertical direction with reference to a practical em- 
bodiment of the circuit, and arranged between the two 
expansion chambers 25 and 45 in the central portion 90 
dividing one chamber from the other. 

The first and second length 951 and 952 of the intake 
duct are connected one to the other by a short curved - 
about 90° - connection length. 

The integrated structure 9 is equipped inside with a 
discharge duct 96, which puts into fluid connection the 
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. arterial outlet connection 92 with the arterial .expan- 
sion chambers 25. 

A part of the pathway followed by the discharge duct 96 
is parallel to a part of the pathway followed by the 
5 intake duct 95. 

The discharge duct 96 comprises a first length 961 
leading to the arterial expansion chamber 25, placed 
below said chamber 25, where below refers to the oper- 
ating form of the expansion chamber. Said first length 
10 961 of the discharge duct follows a bow- shaped pathway 
with its concavity upwards. 

The discharge duct 96 comprises a second length 962 ex- 
tending mainly in vertical direction, and arranged in 
the central portion 90 dividing the two expansion cham- 
15 ber 25 and 45, beside the second vertical length 952 of 
the intake duct 95 . 

The discharge duct 96 comprises a third length 953 lea- 
ding to the arterial outlet connection 92, extending 
mainly in horizontal direction, placed above the venous 
20 expansion chamber 45, beside and below the first length 
951 of the intake duct. 

The longitudinal axes of the intake and discharge 
ducts, 95 and 96, parallel one to the other, are ar- 
ranged on a lying plane corresponding to a median lying 
25 plane that is common to both venous and arterial expan- 
sion chambers 25 and 45. Said median lying plane common 
to both chambers 25 and 45 is also the lying plane with 
respect to which extends the whole integrated structure 
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9 integrating into one body the two aforesaid chambers . 
Also the stiff inlet and outlet, arterial and venous 
tubular connections, 91 and 92, 93 and 94, of the inte- 
grated structure 9 are arranged on said median lying 
5 plane . 

The arterial expansion chamber 2 5 has an inlet opening 
251 and an outlet opening 252, arranged in a lower por- 
tion of said chamber 25 on opposite sides of said cham- 
ber. The inlet opening 251 is located slightly above 
10 the outlet opening 252, where above refers to a practi- 
cal embodiment of the circuit. 

The arterial expansion chamber 25 has an inclined bot- 
tom extending between the inlet and outlet openings 251 
and 252. Said openings 251 and 252 are arranged close 
15 to an upper end and to a lower end, respectively, of 
the inclined bottom of the chamber 25. 

The venous expansion chamber 4 5 has an inlet opening 
451 arranged laterally near the bottom of said chamber 
45, and an outlet opening 452 arranged on a lower end 
2 0 of the bottom of the chamber 45. 

The integrated structure 9 has a deflecting element 97, 
designed so as to deviate downwards the flow of blood 
at the lateral inlet opening 4 51 of the venous expan- 
sion chamber 45. The deflecting element 97 comprises a 
25 bow- shaped screen arranged opposite the lateral inlet 
opening 451, having an upper end secured to a lateral 
wall of the venous expansion chamber 45, and a free 
lower end. Said deflecting element is located above the 
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outlet opening 452. 

The integrated structure 9 has a pair of pump portion 
connections 98, which are connected to the two opposite 
ends of the pump portion 43 of the return line 4. Usu- 
5 ally, the venous pump portion 43, being designed to be 
coupled with a rotary peristaltic pump, consists of a 
flexible tube with a given axial length, U-shaped, with 
features (for instance size) differing from other 
flexible tubes used in the blood circulation circuit. 
10 The pump portion connections 98 are tubular with 
greater inner and outer diameters than the connection 
91, 92, 93 and 94. The venous pump portion 43 has the 
two opposite ends inserted and firmly joined into the 
connection 98. 

15 The venous pump portion 43 extends on a substantially 
vertical plane, with reference to a practical embodi- 
ment of the circuit, arranged below the integrated 
structure. The venous pump portion 43 is substantially 
shaped as a U, with the concavity of said U pointing 

.2 0 upwards. 

The integrated structure 9 is provided inside with a 
first connection cavity 991, putting into fluid commu- 
nication the two pump portion connections 98 with the 
venous expansion chamber 45. 

25 The integrated structure 9 is further equipped inside 
with a second connection cavity 992, which puts into 
fluid communication the other pump portion connection 
98 with the venous outlet connection 94 present on the 
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integrated structure 9 . 

The expansion chambers 2 5 and 45 forming the integrated 
structure 9 have each a substantially flattened shape 
and are definitely smaller than the other two (as is 
5 evident from the section in Figure 6) and are placed 
one beside the other so that thanks to said arrangement 
the integrated structure is further flattened. 

The integrated structure 9 comprises in one stiff bloc 
both the walls defining the expansion chambers .25 and 

10 45 fluidly placed closer to the blood treatment unit, 
and the wall delimiting the intake and discharge ducts 
95 and 96 leading to the arterial chamber 25, as well 
as the tubular connection 91, 92, 93, 94 and 98 to the 
various flexible blood circulation tubes, comprising 

15 the pump portion, and the deflecting element 97. 

The integrated structure 9 has a stiff crosspiece 10 
joining the two pump portion connections 98, in which a 
through opening 11 is obtained, which opening can act 
as fastening element for the integrated structure 9 to 
20 a support wall of the dialysis machine. 

The integrated structure 9 is carried out by welding 
together two half- shells, a main body 9a (Figure 3) and 
a cover 9b (Figure 4) , each being obtained by plastic 
injection molding. Welding takes place by heating and 
25 local softening in the joining areas of the plastic ma- 
terial, and subsequent joining of the joining areas and 
pressing of the two half -shells one against the other 
so long as to complete welding. 
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The dialysis machine comprises on its front face the 
arterial pump 6, the venous pump 7, a housing for the 
integrated structure 9, arranged above the venous pump 
7, a revolving door for opening and closing said hous- 
5 ing and for keeping the integrated structure in posi- 
tion during use, a seat for housing the box- shaped 
structure 8, arranged beside the arterial pump 6, a 
filter-holder for the dialyzing filter F. 

Figure 8 shows a second embodiment of the circuit, in 
10 which the main difference with respect to the circuit 
in Figure 1 consists in the absence of the venous pump 
portion 43 and of its connections 98. The same elements 
in both circuits are referred to with the same numer- 
als. The venous outlet connection 94, placed outside on 
15 the integrated structure, instead of being placed, as 
in Figure 1, on the side of the arterial expansion 
chamber 25 opposite the side with the other connections 
91, 92 and 93, in the circuit in Figure 8 is arranged 
on the lower side of the integrated structure 9, close 
2 0 to the corner joining the bottom of the structure with 
the side with the other connections 91, 92 and 93, in 
direct communication with the outlet opening 4 52 of the 
venous expansion chamber 45 . 

The invention can undergo several practical changes in- 
2 5 volving constructive details, without leaving the pro- 
tection area of the inventive idea as claimed below. 



